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Abstract
Purpose  We evaluated whether an increased body-mass index (BMI) and decreased physical activity increase the risk of 
locally advanced or high-risk prostate cancer (PCa) at radical prostatectomy (RP), and treatment failure after surgery.
Methods  Data were collected from the PROCURE Biobank, a prospective cohort of patients with localized PCa undergoing 
RP in four academic centers in Québec between 2006 and 2013. Treatment failure was defined as biochemical recurrence 
and/or initiation of secondary, non-adjuvant therapy, and analyzed using the Kaplan–Meier method, log-rank tests, and Cox 
proportional-hazards models. Uni- and multivariate (ordered) logistic regression was used for time-independent variables.
Results  1813 patients were included. Median follow-up time was 69 months. Patients who reported a lower BMI were gener-
ally older, of Asian descent, and physically more active (p < 0.05). Younger, black, and overweight/obese patients reported 
less physical activity (p < 0.05). In multivariate analyses, a higher BMI increased the risk for locally advanced, high-risk PCa 
(defined as a pT3, N1 and/or Gleason 8–10 tumor; odds ratio 1.33, p < 0.001), but increased physical activity did not predict 
high-risk disease (odds ratio 0.84, p = 0.39). Patients with a higher BMI also had a larger prostate at surgery (odds ratio 1.13, 
p = 0.03). BMI and physical activity were not associated with positive surgical margins or time to treatment failure (p > 0.05).
Conclusions  BMI was an independent predictor for locally advanced, high-risk disease in this cohort of PCa patients 
undergoing RP, but was unrelated to treatment failure. Physical activity was not related to locally advanced, high-risk PCa 
or treatment failure.
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Introduction

Prostate cancer (PCa) has the highest incidence rate and 
second highest mortality rate of cancers in men in North 
America [1]. Since PCa incidence increases with age and 
most tumors have a relatively indolent growth, there is a 
need to identify men that are at increased risk for advanced, 
aggressive PCa to target men that may benefit more from 
screening and treatment [2]. Currently, the Gleason score is 
the most widely used biomarker to identify aggressive PCa, 
together with other characteristics such as serum prostate-
specific antigen (PSA) levels and TNM-staging [3]. How-
ever, additional risk factors for locally advanced and aggres-
sive PCa are needed [4].

Obese men, as measured by the body-mass index (BMI), 
may have more advanced PCa at diagnosis and more aggres-
sive disease [5]. These associations may occur due to detec-
tion biases (PSA hemodilution and larger prostates) and/
or obesity-related biological mechanisms (elevated circulat-
ing growth factors, elevated estrogen levels, and/or chronic 
subclinical inflammation). However, published studies are 
inconclusive: meta-analyses conclude that BMI increases 
the biochemical recurrence rate after treatment, but also 
find publication bias in favor of a positive association [6, 
7]. Indeed, in the meta-analysis that analyzed patients who 
had radical prostatectomy as a primary therapy, the study 
that was assigned the most weight did not find an associa-
tion between BMI and biochemical recurrence [6]. More 
recent studies did not find an association either [8, 9]. Hence, 
the association between BMI and advanced/aggressive PCa 
remains disputed.

Physical activity may also be a risk factor in the etiol-
ogy of PCa, but has been studied less well than BMI [10]. 
Increased physical activity has been suggested to decrease 
PCa mortality [11]. Various mechanisms have been hypoth-
esized to explain the potential association between physi-
cal activity and PCa, such as reduced oxidative stress and 
reduced prostate inflammation in physically active men [12]. 
However, the literature remains inconclusive and also prone 
to publication bias [13, 14].

If BMI and/or physical activity are risk factors for 
advanced and/or aggressive PCa, this finding could impact 
prevention, screening, and treatment of PCa, particularly 
since obesity has become of epidemic proportions and a 
sedentary lifestyle increasingly prevalent. Therefore, we 
used data from a large prospective cohort study in Québec 
province (Canada) to study the association between BMI, 
physical activity, and locally advanced and/or recurrent dis-
ease in surgically treated PCa patients.

Patients and methods

Study participants

We retrieved data from PROCURE, a large, prospective 
cohort study and biobanking project. PROCURE includes 
1971 patients with localized PCa who underwent radi-
cal prostatectomy between 2006 and 2013 at one of the 
four Québec University Health Centers: McGill Univer-
sity Health Centre, Centre Hospitalier de l’Université 
(CHU) de Montréal, CHU de Sherbrooke, and CHU de 
Québec. Prior to surgery, patients completed a detailed 
socio-demographic and lifestyle questionnaire. PROCURE 
patients were excluded from our analyses if they had not 
returned their questionnaire, if follow-up was unavailable, 
or if no PCa was found in the surgery specimen (Fig. 1). 
To be included in the BMI and physical activity analyses, 
patients needed to have adequately answered the questions 
related to these topics. We also excluded patients who had 
a BMI below 18.5 (n = 9) for the BMI analyses.

Study ethics

Patients decided voluntarily to participate in the PRO-
CURE Biobank. Informed consent was obtained from all 
individual participants included in the study. All local, 
national, and international laws regarding research with 
human data and materials were followed, including the 
Declaration of Helsinki. Permission was obtained from 
local medical ethics committees before the study was initi-
ated, and is annually renewed (McGill University Institu-
tional Review Board study A01-M04-06A, latest renewal 
January 16th, 2018).

Data collection and statistical analyses

Primary exposures were BMI, and average weekly physical 
activity in the 12 months prior to surgery. BMI was calcu-
lated by dividing the self-reported weight of the patient in 
kilograms by the squared height in meters. In line with the 
definition used by the Centers for Disease Control and Pre-
vention (CDC), BMI was divided into normal weight (BMI 
18.5–24.9), overweight (BMI 25.0–29.9), and obesity (BMI 
30.0 or higher); obesity was divided into three classes: BMI 
30.0–34.9, 35.0–39.9, or 40.0 or higher [15]. For physical 
activity, patients self-reported the average number of hours 
of physical activity per week in the year prior to radical 
prostatectomy, and entered the level of activity (light house-
hold work to playing sports). In the questionnaire, physical 
activity had been grouped into low (< 1 h/week), medium 
(1–4 h/week), or high (> 4 h/week).
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Race was collected per FDA guidelines [16]. Prostate 
weight refers to its wet weight in grams, as determined 
before fixation and without the weight of the seminal vesi-
cles. Histologic evaluation of prostatectomy specimens was 
conducted by genitourinary pathologists using a standard-
ized protocol. Pathologic T-staging was divided into pT2, 
pT3a, and pT3b tumors. For the Gleason score, we used 
the 5-tier grading system recommended by the International 
Society of Urological Pathology [ISUP Grade Group (GG) 
1: Gleason 6, GG2: Gleason 3 + 4, GG3: Gleason 4 + 3, 
GG4: Gleason 8, GG5: Gleason 9–10] [3]. Patients were 
considered to have high-risk PCa when having a pT3, pN1, 
and/or GG4/5 PCa. The CAPRA-S score was calculated 
according to Cooperberg et al. [17].

Treatment failure was considered two subsequent, rising 
PSA measurements above 0.2 ng/ml, or if salvage treat-
ment was initiated (radiotherapy, androgen ablation), while 
the PSA was detectable but below 0.2 ng/ml. Patients with 
adjuvant therapy (n = 17) were censored at the start date of 
adjuvant therapy.

To compare baseline characteristics between patients 
grouped by BMI or physical activity, we categorized base-
line characteristics, as described in Tables 1 and 2, and 
used Chi2 tests to evaluate differences. Follow-up time was 
calculated by subtracting the date of last visit or last PSA 
measurement (whichever came last) by the date of radical 
prostatectomy for each patient. Uni- and multivariate (ordi-
nal) logistic regression models were used to evaluate the 
association between BMI, physical activity, and surgery 
outcome parameters. For time-dependent variables, failure 
analyses were conducting using the Kaplan–Meier method 

and p values calculated with the log-rank test; hazard ratios 
were calculated using the Cox proportional-hazards model 
[18]. Stata version 15.1 was used for analyses. 

Results

Of the 1971 patients included in PROCURE, 1714 were 
included in the BMI analyses and 1651 in physical activ-
ity analyses (Fig. 1). Median follow-up time was 69 months 
(interquartile range 54–87 months). Baseline characteristics 
are summarized in Tables 1 and 2. Since only 9 patients 
had a BMI of 40 or higher, we pooled class 2 and 3 obe-
sity patients for analyses. Most patients were overweight 
(51.2%), and 19.2% of patients were obese (Table 1). BMI 
was inversely associated with age (p = 0.02), Asian descent 
(p = 0.003), and average weekly physical activity in the past 
year (p < 0.001). Patients most frequently exercised 1–4 h 
per week (49.5%, Table 2). Lower physical activity was 
related to a younger age (p < 0.001), black race (p = 0.005), 
a higher BMI (p < 0.001), and recruitment in 2005–2009 
(p = 0.03). PSA at diagnosis was not associated with BMI or 
physical activity (p ≥ 0.14, Supplementary Table 1).

First, we evaluated whether BMI and physical activity 
were associated with tumor characteristics at the time of 
surgery (Table 3, Supplementary Tables 2 and 3). In univari-
ate analyses, patients who had a higher BMI had a higher 
prostate weight [odds ratios (OR) 1.13, p = 0.03], and a 
similar trend was noted in physically active patients (OR 
1.31, p = 0.07). Patients with a higher BMI also had more 
frequently high-risk PCa (OR 1.21, p = 0.002) and a higher 

Fig. 1   Flow chart for patient 
inclusion. BMI body-mass index
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CAPRA-S score (OR 1.22, p = 0.02), as they had more T3 
tumors (OR 1.16, p = 0.01).

In multivariate analyses, adjusting for age, race, hospital 
of surgery and physical activity, a higher BMI remained asso-
ciated with increased prostate weight (OR 1.16, p = 0.02), T3 
tumors (OR 1.19, p = 0.01), higher Gleason at surgery (OR 

1.15, p = 0.03), high-risk PCa (OR 1.27, p = 0.001), and a 
higher CAPRA-S score (OR 1.23, p = 0.04). However, no 
clear correlation was found between physical activity and 
surgery outcomes; while medium physical activity decreased 
the risk for T3 tumors (OR 0.67, p = 0.02) and high-risk PCa 
(OR 0.69, p = 0.03), patients with high physical activity did 

Table 1   Baseline characteristics of our cohort of radical prostatectomy patients in Quebec, grouped by BMI

a Chi2 tests were conducted to calculate p values

Normal weight (BMI 
18.5–24.9)

Overweight (BMI 
25.0–29.9)

Obesity p valuea

Class 1 (BMI 30.0–34.9) Class 2/3 (BMI ≥ 35)

# of patients 508 877 274 55
Age at radical prostatectomy
 Median (95% CI) 62 (62–63) 63 (63–64) 62 (61–62) 61 (58–62)
  41–50 22 (4.3%) 31 (3.5%) 17 (6.2%) 3 (5.5%) 0.02
  51–60 173 (34.1%) 286 (32.6%) 103 (37.6%) 24 (43.6%)
  61–70 264 (52.0%) 493 (56.2%) 144 (52.6%) 27 (49.1%)
  71–80 49 (9.6%) 67 (7.6%) 10 (3.6%) 1 (1.8%)

Race
 White 448 (88.2%) 773 (88.1%) 245 (89.4%) 42 (90.9%)
 Nonwhite 24 (4.7%) 43 (4.9%) 11 (4.0%) 2 (3.6%) 0.91
  Asian 16 (3.1%) 7 (0.8%) 2 (0.7%) 0 (0.0%) 0.003
  Black 6 (1.2%) 24 (2.7%) 8 (2.9%) 2 (3.6%) 0.25
  American native 2 (0.4%) 12 (1.4%) 1 (0.4%) 0 (0.0%) 0.17

 Mixed race 8 (1.6%) 14 (1.6%) 3 (1.1%) 1 (1.8%) 0.94
 Not answered 28 (5.5%) 47 (5.4%) 15 (5.5%) 2 (3.6%)

Family history of prostate cancer
 No 262 (51.6%) 425 (48.5%) 136 (49.6%) 28 (50.9%) 0.57
 Yes 177 (34.8%) 333 (38.0%) 112 (40.9%) 21 (38.2%)
 Not answered 69 (13.6%) 119 (13.6%) 26 (9.5%) 6 (10.9%)

Physical activity in past 12 months
 None 10 (2.0%) 33 (3.8%) 11 (4.0%) 2 (3.6%) < 0.001
 < 1 h/week 25 (4.9%) 74 (8.4%) 32 (11.7%) 7 (12.7%)
 1–4 h/week 227 (44.7%) 399 (45.5%) 127 (46.4%) 29 (52.7%)
 > 4 h/week 220 (43.3%) 312 (35.6%) 73 (26.6%) 8 (14.5%)
 Not answered 26 (5.1%) 59 (6.7%) 31 (11.3%) 9 (16.4%)

PSA at diagnosis
 Median (95% CI) 5.9 (5.7–6.2) 5.9 (5.7–6.1) 5.6 (5.2–6.2) 6.4 (5.3–7.1)
 < 5.00 ng/ml 167 (32.9%) 305 (34.8%) 106 (38.7%) 19 (34.5%) 0.38
 5.00–7.49 ng/ml 172 (33.9%) 289 (33.0%) 72 (26.3%) 19 (34.5%)
 ≥ 7.50 ng/ml 168 (33.1%) 274 (31.2%) 93 (33.9%) 15 (27.3%)
 Not answered 1 (0.2%) 9 (1.0%) 3 (1.1%) 2 (3.6%)

Hospital of surgery
 Hospital 1 151 (29.7%) 194 (22.1%) 85 (31.0%) 15 (27.3%) 0.07
 Hospital 2 118 (23.2%) 236 (26.9%) 68 (24.8%) 12 (21.8%)
 Hospital 3 138 (27.2%) 245 (27.9%) 85 (23.7%) 15 (27.3%)
 Hospital 4 101 (19.9%) 202 (23.0%) 56 (20.4%) 13 (23.6%)

Year of surgery
 Median (95% CI) 2010 (2009–2010) 2010 (2010) 2010 (2009–2010) 2009 (2008–2010)
 2005–2009 251 (49.4%) 393 (44.8%) 136 (49.6%) 31 (56.4%) 0.14
 2010–2014 257 (50.6%) 484 (55.2%) 138 (50.4%) 24 (43.6%)
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not have such decreased risks (p ≥ 0.10). The odds for posi-
tive surgical margins were increased when a patient had a 
higher BMI or high physical activity levels, but this was 
not significant (OR 1.13 and 1.24, respectively; p ≥ 0.08). 
Results were similar when adding the variables PSA before 
surgery, a positive PCa family history, and year of surgery 
to the multivariate model too (Table 3).

Next, we evaluated whether BMI and physical activity 
were predictive for time to treatment failure after surgery. 
While the treatment failure curve for obese patients seemed 
slightly steeper, treatment failure rates did not differ sig-
nificantly between the four BMI groups (p = 0.516, Fig. 2a). 
A direct comparison between all patients that had a nor-
mal weight to all obese patients did not reveal significant 

Table 2   Baseline characteristics 
of our cohort of radical 
prostatectomy patients in 
Quebec, grouped by average 
weekly physical activity 
in the year prior to radical 
prostatectomy

a Chi2 tests were conducted to calculate p values

Low
< 1 h/week

Medium
1–4 h/week

High
> 4 h/week

p valuea

# of patients 201 817 633
Age at radical prostatectomy
 Median (95% CI) 60 (59–61) 63 (62–63) 64 (63–64)
  41–50 11 (5.5%) 41 (5.0%) 24 (3.8%) < 0.001
  51–60 99 (49.3%) 282 (34.5%) 176 (27.8%)
  61–70 86 (42.8%) 436 (53.4%) 375 (59.2%)
  71–80 4 (2.8%) 58 (7.1%) 58 (9.2%)

Race
 White 171 (85.1%) 711 (87.0%) 570 (90.0%)
 Nonwhite 18 (9.5%) 40 (4.9%) 25 (3.9%) 0.02
  Asian 4 (2.0%) 9 (1.1%) 10 (1.6%) 0.56
  Black 10 (5.0%) 25 (3.1%) 8 (1.3%) 0.01
  American native 4 (2.0%) 6 (0.7%) 7 (1.1%) 0.27

 Mixed race 4 (2.0%) 12 (1.5%) 9 (1.4%) 0.80
 Not answered 8 (4.0%) 54 (6.6%) 29 (4.6%)

Family history of prostate cancer
 No 95 (47.3%) 406 (49.7%) 310 (49.0%) 0.99
 Yes 72 (35.8%) 316 (38.7%) 240 (37.9%)
 Not answered 34 (16.9%) 95 (11.6%) 83 (13.1%)

BMI
 18.5–24.9 (normal weight) 35 (17.4%) 227 (27.8%) 220 (34.8%) < 0.001
 25.0–29.9 (overweight) 107 (53.2%) 399 (48.8%) 312 (49.3%)
 30.0–34.9 (obesity class 1) 43 (21.4%) 127 (15.5%) 73 (11.5%)
 ≥ 35.0 (obesity class 2–3) 9 (4.5%) 29 (3.5%) 8 (1.3%)
 Not answered 7 (3.5%) 35 (4.3%) 20 (3.2%)

PSA at diagnosis
 Median (95% CI) 5.9 (5.4–6.4) 5.9 (5.7–6.1) 5.9 (5.6–6.1)
 < 5.00 ng/ml 68 (33.8%) 290 (35.5%) 218 (34.4%) 0.98
 5.00–7.49 ng/ml 66 (32.8%) 265 (32.4%) 212 (33.5%)
 ≥ 7.50 ng/ml 65 (32.3%) 254 (31.1%) 197 (31.1%)
 Not answered 2 (1.0%) 8 (1.0%) 6 (0.9%)

Hospital of surgery
 Hospital 1 57 (28.4%) 229 (28.0%) 148 (23.4%) 0.01
 Hospital 2 55 (27.4%) 208 (25.5%) 154 (24.3%)
 Hospital 3 49 (24.4%) 209 (25.6%) 182 (28.8%)
 Hospital 4 40 (19.9%) 171 (20.9%) 149 (23.5%)

Year of surgery
 Median (95% CI) 2010 (2009–2010) 2010 (2009–2010) 2010 (2010)
 2005–2009 100 (49.8%) 391 (47.9%) 264 (41.7%) 0.03
 2010–2014 101 (50.2%) 426 (52.1%) 369 (58.3%)
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differences between the two groups either (p = 0.197, Sup-
plementary Figure 1). Importantly, the hazard ratio for 
treatment failure was independent of BMI (hazard ratio 
0.95, p = 0.54) when adjusting for tumor characteristics 

that are known to predict treatment failure, such as Glea-
son score (Table 4). No differences were observed in treat-
ment failure rates between patients based on their physi-
cal activity (p = 0.797, Fig. 2b). Uni- and multivariate Cox 

Table 3   Univariate and multivariate (ordered) logistic regressions to evaluate associations between BMI, physical activity, and surgery outcome

a Patients were not stratified based on BMI; BMI was used as a continuous variable. Odds ratios were calculated per 5 kg/m2 increase
b Patients were divided into three groups based on their average physical activity in the past 12  months [< 1  h/week (low), 1–4  h/week 
(medium), and > 4 h/week (high)]
c Prostate weight was divided into four groups (approximate quartiles): ≤ 35.0, 35.0–50.0, 50.0–70.0 g, or > 70.0 g
d Pathological T stage was divided into three groups: pT2, pT3a, or pT3b
e Pathological N stage was divided into pN0 or pN1
f Gleason scores were grouped using the ISUP 2014 5-tier grade groups: group 1 (Gleason 6), group 2 (Gleason 3 + 4), group 3 (Gleason 4 + 3), 
group 4 (Gleason 8), and group 5 (Gleason 9–10)
g Positive surgical margins were a dichotomous variable (yes/no)
h Advanced prostate cancer is defined as pathologic T3, pathologic N1, and/or Gleason 8–10
i The CAPRA-S score was grouped by 0–2, 3–5, and 6 and above
j Adjusted for age, race, hospital of surgery, and physical activity (top) or BMI (bottom)
k Adjusted for age, race, hospital of surgery, physical activity (top) or BMI (bottom), PSA before surgery, a positive family history, and year of 
surgery

Dependent variable (outcome) Independent 
variable (expo-
sure)

Univariate analysis Multivariate analysisj Multivariate analysisk

Odds ratio (95% CI) p value Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Prostate weightc BMIa 1.13 (1.02–1.26) 0.03 1.16 (1.03–1.32) 0.02 1.11 (0.98–1.27) 0.10
TNM-T staged 1.16 (1.04–1.30) 0.01 1.19 (1.04–1.36) 0.01 1.22 (1.06–1.41) 0.005
TNM-N stagee 1.20 (0.90–1.61) 0.22 1.20 (0.86–1.66) 0.28 1.29 (0.90–1.87) 0.17
Gleason at surgeryf 1.21 (0.97–1.09) 0.14 1.15 (1.02–1.31) 0.03 1.13 (0.98–1.29) 0.19
Positive surgical marginsg 1.12 (0.99–1.27) 0.07 1.13 (0.99–1.30) 0.08 1.14 (0.98–1.32) 0.09
Advanced prostate cancerh 1.21 (1.07–1.36) 0.002 1.27 (1.10–1.46) 0.001 1.33 (1.14–1.55) < 0.001
CAPRA-S scorei 1.22 (1.03–1.45) 0.02 1.23 (1.01–1.51) 0.04 1.27 (1.02–1.59) 0.04
Prostate weightc Average weekly physical activityb

 Low 1.0 (ref.)
 Medium 1.22 (0.91–1.63) 0.18 1.23 (0.91–1.67) 0.18 1.28 (0.92–1.78) 0.14
 High 1.31 (0.98–1.76) 0.07 1.19 (0.86–1.63) 0.29 1.23 (0.87–1.73) 0.24

TNM-T staged  Low 1.0 (ref.)
 Medium 0.79 (0.58–1.07) 0.13 0.67 (0.48–0.93) 0.02 0.67 (0.47–0.96) 0.03
 High 0.86 (0.62–1.17) 0.33 0.75 (0.54–1.06) 0.10 0.78 (0.54–1.13) 0.13

TNM-N stagee  Low 1.0 (ref.)
 Medium 1.13 (0.51–2.51) 0.77 1.14 (0.50–2.59) 0.75 1.66 (0.57–4.87) 0.35
 High 1.07 (0.47–2.43) 0.86 1.20 (0.51–2.79) 0.68 1.96 (0.65–5.89) 0.23

Gleason at surgeryf  Low 1.0 (ref.)
 Medium 1.07 (0.80–1.42) 0.66 0.97 (0.72–1.31) 0.83 1.08 (0.77–1.51) 0.65
 High 1.13 (0.84–1.51) 0.43 1.02 (0.74–1.40) 0.90 1.12 (0.79–1.58) 0.54

Positive surgical marginsg  Low 1.0 (ref.)
 Medium 1.17 (0.84–1.63) 0.37 1.06 (0.75–1.50) 0.76 1.09 (0.74–1.60) 0.68
 High 1.32 (0.94–1.85) 0.11 1.24 (0.86–1.77) 0.25 1.22 (0.82–1.81) 0.33

Advanced prostate cancerh  Low 1.0 (ref.)
 Medium 0.80 (0.58–1.09) 0.15 0.69 (0.50–0.97) 0.03 0.69 (0.47–1.01) 0.06
 High 0.91 (0.66–1.26) 0.57 0.83 (0.59–1.17) 0.29 0.84 (0.57–1.25) 0.39

CAPRA-S scorei  Low 1.0 (ref.)
 Medium 1.24 (0.80–1.91) 0.34 1.17 (0.74–1.85) 0.49 1.03 (0.60–1.76) 0.92
 High 1.01 (0.65–1.57) 0.95 1.04 (0.65–1.66) 0.87 0.96 (0.56–1.67) 0.89



795World Journal of Urology (2019) 37:789–798	

1 3

proportional-hazards models confirmed this lack of associa-
tion (hazard ratio 1.00 and 0.85, p > 0.4; Table 4).

Discussion

Evaluating data from PCa patients included in the prospec-
tive PROCURE biobank and cohort study, BMI, but not 
physical activity, was related to locally advanced and high-
risk PCa, while neither variable correlated with treatment 
failure after surgery.

Previously, meta-analyses reported that PCa incidence 
was significantly increased in obese men and that obese 
men presented with more advanced and fatal PCa [5–7, 19]. 
These associations differed between geographic regions: the 
association was found in European and Australian studies, 
but generally not in American studies. It was hypothesized 

that this difference was caused by higher PSA screening 
rates in North America. However, locally advanced and 
higher risk disease was also associated with a higher BMI 
in our Canadian cohort, while PSA screening rates in the US 
and Canada are relatively similar [20, 21]. Other parameters 
such as socioeconomic status may explain geographical dif-
ferences in association between BMI and PCa. Our findings 
correspond to the proposed hypothesis that detection of PCa 
may be delayed in obese patients, resulting in more advanced 
and higher risk disease at the time of diagnosis [5, 22]. BMI 
was not only associated with higher risk and advanced dis-
ease, but also with increased prostate weight in our cohort. 
Furthermore, despite the larger prostate, BMI did not predict 
PSA levels, which might indicate hemodilution.

If obese PCa patients have a worse outcome, it suggests 
that weight control may effectively improve morbidity and 
mortality [23]. Currently, studies are ongoing that evaluate 

Fig. 2   Treatment failure after radical prostatectomy for localized prostate cancer. Patients were stratified by body-mass index (BMI) (a) or aver-
age weekly physical activity in the year prior to radical prostatectomy (b)

Table 4   Univariate and multivariate treatment failure analyses using the Cox proportional-hazards model

a Patients were not stratified based on BMI; BMI was used as a continuous variable. Odds ratios were calculated per 5 kg/m2 increase
b Patients were divided into three groups based on their average physical activity in the past 12  months [< 1  h/week (low), 1–4  h/week 
(medium), > 4 h/week (high)]
c Adjusted for age, race, hospital of surgery, and physical activity (top row) or BMI (bottom row)
d Adjusted for age, race, hospital of surgery, CAPRA-S score, and physical activity (top row), or BMI (bottom row)

Variable Univariate analysis Multivariate analysisc Multivariate analysisd

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

BMIa 1.03 (0.93–1.15) 0.53 1.03 (0.91–1.16) 0.66 0.95 (0.79–1.13) 0.54
Average weekly physical activityb

 Low 1.0 (ref.)
 Medium 1.05 (0.78–1.41) 0.74 1.00 (0.74–1.36) 0.99 0.82 (0.55–1.23) 0.34
 High 1.00 (0.73–1.35) 0.98 0.98 (0.71–1.35) 0.90 0.85 (0.56–1.29) 0.45
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the effect of weight loss on PCa outcome [24]. However, no 
meta-analysis has been able to rule out publication bias, and 
recently published, large cohort studies did not find an asso-
ciation between BMI and recurrence of PCa after surgery 
either [6–9]. Our cohort is larger than most aforementioned 
studies and confirms this lack of association between BMI 
and clinical outcome. Future studies are needed to assess 
whether subgroups of obese PCa patients may have a worse 
prognosis, such as patients having central adiposity, and 
whether the development of castration resistance is related 
to BMI. Furthermore, considering that most PCa patients die 
from non-cancerous, lifestyle-related causes, weight control 
should be encouraged in PCa patients to decrease obesity-
related disease, similar to the general population [2].

An association between physical activity and PCa is even 
more disputed. A systematic review reported an association 
between PCa incidence and total and occupational physi-
cal activity, but not recreational physical activity [25]. This 
association was only found in studies from Europe and the 
United States, but not in Canadian or Asian studies. Fur-
thermore, many studies assessing physical activity and PCa 
did not adjust for BMI, while these parameters are strongly 
correlated. A weak association has been reported between 
physical activity and advanced PCa or PCa mortality [26, 
27]. However, in line with other large cohort studies, we do 
not find an association between physical activity and locally 
advanced, high-risk PCa, or treatment failure [13].

The advantages of our study are that the patients represent 
an average Canadian population of men with localized PCa 
undergoing radical prostatectomy, as we minimized exclu-
sion criteria and included the four major centers in Que-
bec performing radical prostatectomies. The similarity to 
a general population was confirmed by the similar weight 
distribution in our cohort compared to the general Quebec 
population [28]. Furthermore, our study contained one of the 
largest PCa populations in which BMI and physical activ-
ity are both studied as potential determinants for advanced 
and/or aggressive PCa, and contains, to our knowledge, the 
largest surgically treated PCa patient population after 2000 
in which the role of BMI and physical activity is studied 
together. Considering that BMI and physical activity are 
closely related to each other, we find it important that stud-
ies evaluate both. Finally, surgery specimens were histologi-
cally evaluated using a standardized protocol by specialized 
genitourinary pathologists using the 2014 ISUP guidelines.

Seemingly contradictory to the existing literature, older 
patients in our cohort had a lower BMI and were physi-
cally more active, while usually older patients have a higher 
weight and are less active. Most likely, this difference 
occurred due to selection bias for patients undergoing 
radical prostatectomy. A good physical condition will be 
necessary for this population when undergoing major sur-
gery, making obese and/or physically inactive patients less 

suitable candidates. Hence, only the fittest older patients 
were selected for radical prostatectomy.

The primary limitation in our data is that both BMI and 
physical activity were self-reported. Men are known to gen-
erally underreport weight [29, 30]. Waist circumference was 
not measured. Recall bias may have occurred. Misclassifica-
tion in physical activity reporting may have occurred as well, 
particularly as PROCURE did not use standardized tests 
such as the International Physical Activity Questionnaire, 
and as we grouped all types of physical activity (moderate 
and vigorous). We improved the accuracy of our reporting 
by comparing answers to various questions to assess weight 
(current weight, weight at the age of 30, weight loss, etc.) 
and physical activity (physical activity in the past 12 months 
and current physical activity); patients were excluded if 
large, unexplained differences existed. Importantly, a direct 
comparison of patients with a normal weight (BMI 18.5–25) 
to obese patients (BMI 30 +), and the least active to the 
most active patient group (< 1 h/week and > 4 h/week) pro-
vided similar results as presented (Supplementary Table 4, 
Supplementary Figure 1), while it is highly unlikely that 
the average BMI and physical activity were similar between 
these groups due to gross misclassification. Other limitations 
include potential residual confounding and that the database 
is not mature enough yet for evaluation of other outcomes, 
such as castration resistance and mortality.

Conclusions

This large, prospective cohort study in Quebec, Canada, 
suggests that obese PCa patients present more often with 
locally advanced, high-risk disease at the time of radical 
prostatectomy. However, BMI and physical activity did not 
predict independently the time to treatment failure after sur-
gery, suggesting that these parameters should not impact 
follow-up decisions.
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